. A rapid method for estimating mercury in undigested biological samples. A method has been developed for estimating mercury in biological samples using an ultraviolet mercury detector, after liberating the mercury from the urine and other biological samples by a simple chemical method. The overall time for one estimation is less than two minutes, and no special skills are required to operate the technique.
The aim of any development in the instrumentation of analytical procedures is either to increase sensitivity and accuracy or to reduce the time and work required. Ultraviolet mercury detectors fully satisfied both conditions when used for the estimation of atmospheric mercury but not when used with conventional laborious procedures for the estimation of mercury in biological samples (Monkman, Maffett, and Doherty, 1956; Jacobs, Yamaguchi, Goldwater, and Gilbert, 1960; Kudsk, 1965) . Lindstr6m (1959) tried to simplify the method, but the accuracy of his method depended on several factors needing special attention.
Clearly there was a need for a rapid and simple technique for preparing the mercury for estimation by ultraviolet photometer. The technique had to satisfy the following requirements: the release of mercury from the sample must be prompt and timed; and the standard solution used for calibration must release mercury like urine. This paper describes a method for the release of mercury from biological samples by a chemical reaction and its subsequent estimation by an ultraviolet photometer. The principle of the reaction is that stannous chloride at highpH liberates mercury from sulphhydryl bonds and converts the liberated mercury into volatile metallic mercury. Stannous chloride is added to the acidified sample, and the presence of extra cysteine ensures that no appreciable amount of mercury is lost before the reaction is triggered by the addition ofexcess sodium hydroxide. The method does not estimate organomercurials, i.e., compounds with Hg-C bond, and so cannot be used to measure exposure to them as they are excreted at least in part with Hg-C bond unbroken (Gage, 1964) . that described by Brooks and Holmes (1958) 
Procedure
Approximately 30 minutes before a run the apparatus was switched on, and the filter control was set to 'Sample'. The airflow was adjusted to 2 litres/minute. Before use the filter control was set to zero and null point and the full scale was adjusted according to the operating instructions. Adjustment was repeated before every estimation. Scale sensitivity was selected according to the mercury content of the sample. High sensitivity, that is the 'B' scale, was used in the case of the blank or if the mercury content of the sample or the standard was not more than 0-2 ,ug.
Low sensitivity, or the 'A' scale, was used if the mercury content was likely to be more than 0-2 ,ug.
After adjustment 2-0 ml. cysteine solution and I to 5 ml. urine orO-05 to 2-0ml, standard solution were pipetted into the reaction impinger (urine containing a sediment must be shaken before it is pipetted). To prevent foaming, one drop of tri-n-butyl phosphate was added. Finally, 100 mg. SnCl2 was added, and the impinger was filled to the 10 ml. mark with distilled water. The impinger was stoppered, the airflow was switched from zero to the sample, and four to five seconds later 2 ml. 30 % NaOH was added through the funnel to the sample. The mercury released and washed by the airstream through the gas cell resulted in the deflection of the needle on the scale.
In the work presented here the maximum deflection was used for the calculation of the mercury content of the sample, and this method proved to be satisfactory. However, if the photometer is connected with a recorder, the planimetric or gravimetric evaluation of the area under the curve can be used for calibration.
The blank usually gave readings not higher than 5 to 8 ,ug./m3. A high reading showed that either the reagents or the impinger and connecting tubes were contaminated. To check the first possibility the airflow should be left on and the reagents added one by one to the sample. An upward deflection of the needle identifies the contaminated reagent. If the needle does not go back to the null point at all, except after switching the airflow from the sample to zero, contamination of the impingers or the connecting tubes should be suspected. If after switching again from zero to the sample the mercury concentration increases again in the gas cell, the diagnosis is confirmed.
A series of estimations could be made in the same reaction impinger without appreciable cross-contamination. It was quite satisfactory to dissolve any SnCl2 precipitated on the wall of the impinger with 10% H2SO4, and to wash the impinger and the inlet tube with running water. Actually it was more convenient and reliable to use the same impinger for a series of estimations than to check every new one for contamination. (Magos, 1966) attached to the outlet of the impinger. The hopcalite absorber was immersed into the well of the scintillation detector (Detector N664B) through which a scaler (N610A, Ekco Electronics Ltd.) was connected with the recorder. To move the air from the impinger to the hopcalite absorber a water pump was used, and the airflow was metered by a rotameter. Figure 2 
Standardization
The maximum deflection of the needle was determined by liberating mercury from different volumes of standard solutions (0-05 to 2-0 ml.) with or without 5 ml. urine. In addition to the normal blank, the deflection caused by 5 ml. urine was also estimated. All the estimations were corrected for the blank. Table 1 shows that there was a linear relationship between the mercury content of the samples and the maximum deflection, and that the deviation from the mean was less than ± 10 % in all cases except with 0-025 ,Lg. Hg. The results also showed that urine did not affect the maximum deflection.
As a result of the linear relationship between the mercury content in the sample and the reading on the scale, the maximum deflection caused by 0 5 ,Lg. Hg was used for calculation instead of the calibration curve. If b is the blank, the maximum deflection of the unknown sample is Dx, and the maximum deflection caused by 0 5 ,ug. Hg is Di, the mercury content of the sample is:
,ug.
and if the volume of the sample is V ml., the mercury concentration of the sample is:
During a three-month period the scale was tested at least three times a week. When the equipment was kept in the laboratory and was not subjected to sudden temperature changes, the shift in the calibration curve which occasionally appeared was never more than ± 10 %. Such shifts were systematic and did not influence the linearity of the calibration curve. However, to eliminate systematic errors the scale should be tested after the blank and before the urine estimations, and at least every hour during the work using 1 0 ml. standard solution.
Mercury estimations in urine containing labelled mercury
To check the reliability of the method two female rats of Porton Wistar strain weighing 220 g. were injected intramuscularly with 100 ,pg. Hg as HgCl, labelled with 203Hg of known activity. The rats were placed in metabolic cages and urine was collected. Table 2 shows that the mercury concentration in the urine estimated with the method differed less than 10% from the concentration calculated from radioactivity.
However, when the estimation was repeated one week later on the same urine samples, the difference was significantly higher. The increase in the proportion of mercury resisting volatilization was probably the result of bacterial contamination.
This undesired effect could be prevented by adding 0-1 ml. concentrated HCI (BDH Chemicals Ltd.) to every 10 ml. urine. Figure 3 shows the results of ) and rat urine (---) without HCI (0) or with 0.1 ml. HCI added to every 10 ml. of urine (a). Estimated specific activity equals radioactivity of urine corrected to decay divided by mercury content estimated by the method.
experiments in which human and rat urines were given labelled mercury in a concentration of 150 ,ug.
Hg/litre. The urines were kept in glass-stoppered bottles at room temperature with and without HCI and their radioactivities were corrected for decay, and their mercury concentrations were estimated at intervals. As the corrected specific activity must remain constant, an increase in the apparent specific activity indicates that less mercury was volatilized. It was found (Fig. 3) that the specific activity of the untreated rat urine increased during the first four days by about 50%, indicating that about one-third of the mercury in the sample was converted to a form which resisted the reaction. The specific activities of the urines treated with HCl and of the untreated human urine changed very little, and their specific activities fluctuated within ± 5% of the initial values. The lack of change of specific activity in the untreated human urine was probably due to the absence of massive bacterial infection. As bacterial contamination might result in loss of mercury by volatilization (Magos, Tuffery, and Clarkson, 1964) , or might render some ofthe mercury unreactive, urine samples which are not tested on the day of collection must be preserved either by freezing or by the addition of 0 1 ml. concentrated HCl per 10 ml. urine. Toluene which absorbs light in the ultraviolet cannot be used for preservation.
Mercury estimation in urine of workers exposed to mercury In a laboratory where urinary mercury estimations are carried out routinely, 68 urine samples were tested by this method and by the method of Kopp and Keenan (1963) . The mercury concentration in the urine samples ranged from 3-3 pg./l. to 2,600 ,ug./l. when estimated with the method of Kopp and Keenan (1963) . Of the 68 samples tested, the difference between the results given by the two methods was either between 0 and 30 0 ,tg. Hg/l. or not more than 10% in 45 cases (67 2 %). In a further 11 cases (16-2%) the difference was between 11 and 20%, and only in three cases (44%) was the difference more than 30%. The urines were not stored after the estimations, so that it was not possible to check which of the two methods was responsible for this difference. In contrast to the method of Kopp and Keenan (1963) , the method presented here does not involve steps needing special precautions, and it seems reasonable to suppose that in the course of routine work Kopp and Keenan's method provides more opportunities for contamination or loss than our method. Figure 4 shows that the results obtained by the two methods did not differ systematically. Only those results which had a mercury concentration of not more than 600 ,ug./l. are shown. Higher mercury concentrations give similar plus-minus differences.
Mercury estimation in other biological samples Rats treated with 100 ,ig. 203Hg as HgCl2 were killed 24 hours after the injection. Their kidneys were removed and homogenized in 1 % sucrose. The mercury content in 0-2 ml. 10% homogenate estimated in six parallel samples gave a mean value of 0-56 ,ug./0 2 ml. (S.D. ± 0 02) in good agreement with the 0 55 ug. Hg/0-2 ml. estimated from the radioactivity.
Blood samples were also tested, but the standard procedure with blood always recovered about 20 to 25 % less mercury than was actually present. From stronger acid the recoveries could be increased significantly. After the blood had been mixed with the cysteine solution, 2 ml. 10% HNO3 was added, and after this the normal procedure was followed. Table 3 shows the results obtained with heparinized rabbit blood when 1 ml. blood was mixed with different volumes of standard solutions and the modified estimation was carried out. The actual and estimated amounts agreed within 10%, but as the recoveries averaged about 95 % it seemed best to increase the concentrations found in blood by approximately 5 0%.
Comments The method presented here is rapid and needs no special skill, and its accuracy compares favourably with other more tedious methods. As an estimation can be carried out within two minutes, and the same time is needed to check the few reagents for mercury contamination, the possibility offinding an extremely high blank value only after the completion of a whole series of estimations is non-existent with this method. The only factor which matters is that the airflow must be kept constant. This simplicity makes it very suitable for use in a routine laboratory.
